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(37) ABSTRACT

Embodiments of the invention include coating apparatuses
and related methods. In an embodiment, the invention
includes a coating apparatus. The coating apparatus can
include a motor, a rotating contact member, a fluid applicator,
a fluid pump, and a base member. The fluid applicator can
include an orifice. The rotating contact member can be con-
figured to rotate around a device to be coated that does not
rotate. The rotating contact member can be configured to
move along the lengthwise axis of a device to be coated. In an
embodiment, the invention includes a method of coating a
medical device. The method of coating a medical device can
include a rotating a contact member around the outer diam-
cter of a non-rotating medical device, applying a coating
solution to the outer diameter of the non-rotating medical
device at a position adjacent to the contact member, and
moving at least one of the contact member and the non-
rotating medical device with respect to one another so that the
contact member moves with respect to the lengthwise axis of
the non-rotating medical device. Other embodiments are also
included heremn.
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1
COATING APPARATUS AND METHODS

This application claims the benefit of U.S. Provisional
Application No. 61/734,788 filed Dec. 7, 2012, the content of
which 1s herein incorporated by reference 1n its entirety.

FIELD OF THE INVENTION

The present invention relates to coating apparatuses and
related methods. More specifically, the present invention
relates to coating apparatus for coating medical devices
including a rotating contact member.

BACKGROUND OF THE INVENTION

Functional improvements to implantable or insertable
medical devices can be achieved by coating the surface of the
device. For example, a coating formed on the surface of the
device can provide improved lubricity, improved biocompat-
ibility, or drug delivery properties to the surface. In turn, this
can improve movement of the device 1n the body, extend the
functional life of the device, or treat a medical condition near
the site of implantation. However, various challenges exist for
the design and use of coating apparatus designed to provide
coatings to medical devices.

Traditional coating methods, such as dip coating, are often
undesirable as they may result 1n flawed coatings that could
compromise the function of the device or present problems
during use. These methods can also result 1n coating 1naccu-
racies, which can be manifested in variable amounts of the
coated material being deposited on the surface of the device.
When a drug is included 1n the coating material, 1t 1s often
necessary to deliver precise amounts of the agent to the sur-
tace of the device to ensure that a subject recerving the coated
device receives a proper dose of the agent. It has been difficult
to achieve a great degree of accuracy using traditional coating,
methods and machines.

SUMMARY OF THE INVENTION

Embodiments of the mnvention include coating apparatus
and related methods. In an embodiment, the coating appara-
tus can include a motor, a rotating contact member, a fluid
applicator, a fluid pump, and a base member. The tluid appli-
cator can include an orifice. The orifice of the fluid applicator
can be disposed adjacent to the rotating contact member. The
rotating contact member can be 1n mechanmical communica-
tion with the motor. The rotating contact member can be
configured to rotate around a device to be coated that does not
rotate. The rotating contact member can be configured to
move along the lengthwise axis of a device to be coated. The
fluid pump can be 1 fluid communication with the fluid
applicator. The base member can support the rotating contact
member and the fluid applicator.

In an embodiment, the invention includes a method of
coating a medical device. The method of coating a medical
device can include rotating a contact member around the
outer diameter of a non-rotating medical device. The method
can further include applying a coating solution to the outer
diameter of the non-rotating medical device at a position
adjacent to the contact member. The method can further
include moving at least one of the contact member and the
non-rotating medical device with respect to one another so
that the contact member moves with respect to the lengthwise
axis of the non-rotating medical device.

This summary 1s an overview of some of the teachings of
the present application and 1s not intended to be an exclusive
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2

or exhaustive treatment of the present subject matter. Further
details are found 1n the detailed description and appended
claims. Other aspects will be apparent to persons skilled in the
art upon reading and understanding the following detailed
description and viewing the drawings that form a part thereot,
cach of which 1s not to be taken 1n a limiting sense. The scope

of the present invention 1s defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF THE FIGURES

The mnvention may be more completely understood 1n con-
nection with the following drawings, 1n which:

FIG. 1 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein.

FIG. 2A 15 a front view of a drive shait and rotating contact
member ol a coating apparatus 1n accordance with various
embodiments herein.

FIG. 2B 1s a front view of a drive shaft and rotating contact
member ol a coating apparatus 1n accordance with various
embodiments herein.

FIG. 3A 1s a schematic view of a coating apparatus in
accordance with various embodiments herein.

FIG. 3B 1s a schematic view of a coating apparatus in
accordance with various embodiments herein.

FIG. 4 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein.

FIG. 5 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein.

FIG. 6 1s a schematic cross-sectional view of a rotating
contact member in accordance with various embodiments
herein.

FIG. 7 1s a schematic cross-sectional view of a rotating
contact member 1n accordance with various embodiments
herein.

FIG. 8 1s a schematic cross-sectional view of a rotating
contact member 1n accordance with various embodiments
herein.

FIG. 9 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein.

FIG. 10 1s a schematic view of a coating apparatus in
accordance with various embodiments herein.

FIG. 11 1s a schematic view of a coating apparatus in
accordance with various embodiments herein.

While the invention 1s susceptible to various modifications
and alternative forms, specifics thereof have been shown by
way of example and drawings, and will be described in detail.
It should be understood, however, that the invention 1s not
limited to the particular embodiments described. On the con-
trary, the intention 1s to cover modifications, equivalents, and
alternatives falling within the spirit and scope of the mven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The embodiments of the present invention described herein
are not itended to be exhaustive or to limit the invention to
the precise forms disclosed 1n the following detailed descrip-
tion. Rather, the embodiments are chosen and described so
that others skilled 1n the art can appreciate and understand the
principles and practices of the present mvention.

All publications and patents mentioned herein are hereby
incorporated by reference. The publications and patents dis-
closed herein are provided solely for their disclosure. Nothing
herein 1s to be construed as an admission that the inventors are
not entitled to antedate any publication and/or patent, includ-
ing any publication and/or patent cited herein.
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Based on structural characteristics, certain types of medi-
cal device are more difficult to coat than others. By way of
example, some devices cannot be easily spin-coated even
though they include a long shaft based on their characteristics
and shape. For example, devices that have some curvature and
cannot be straightened out generally cannot be coated with
apparatus that require spinning of the device. As such, these
devices have been traditionally coated using techniques such
as dip coating. However, dip coating suffers from at least
three drawbacks. First, dip coating 1s a relatively slow process
making it expensive. Second, because dip coating requires a
large container or vat of material to dip into, there 1s fre-
quently a large amount of coating material that 1s wasted 1n
the form of a residual volume 1n the container into which the

device 1s dipped. Third, dip coating can result 1n various

coating wrregularities including thickness variation, webbing,
and the like.

Apparatus disclosed herein can be used to coat device that
would otherwise be coated using dip-coating or device spin-
coating techniques. In specific, coating apparatus herein can
include a rotating contact member that rotates around the
outer diameter of a device to be coated and applying a coating
material while the device to be coated remains substantially
rotationally stationary. The apparatus can be moved along the
lengthwise axis of the device to be coated (and/or the device
to be coated can be moved relative to the apparatus) while the
rotating contact member rotates around the device to be
coated applying the coating. The apparatus can coat the
device regardless of shapes such as curvature since only a
relatively small length of the device to be coated 1s 1 the
apparatus at any given time and thus the device does not need
to be substantially straight over its entire length as would
normally be required if the device were being coated with an
apparatus where the device 1tself was spun.

FIG. 1 1s a schematic view of a coating apparatus 102 in
accordance with various embodiments herein. The coating
apparatus 102 includes a rotating contact member 104, a fluid
applicator 106, a fluid pump 110, and a base member 112. The
fluid applicator 106 includes an orifice 108. In operation, the
fluid pump 110 can cause a coating solution to pass through
the fluid applicator 106 and out of the orifice 108 and onto a
medical device 101 to be coated. While FIG. 1 shows the
orifice positioned to deposit coating material near the trailing
edge of the drive shatt, 1t will be appreciated that the orifice
can also be positioned 1n other locations to deposit the coating
material. Also, while 1n some embodiments the orifice 1s on
the top side of the medical device, 1t will be appreciated that
it can also be located on the side or the bottom. The rotating
contact member 104 can include a spiral-shaped element 114.
The coating apparatus 102 can include a mounting structure
116. The mounting structure 116 can allow the rotating con-
tact member 104 to rotate. The mounting structure 116 can
include bearings, bushings, or the like. The coating apparatus
102 can further include a drive shaft 118. In some embodi-
ments, the drive shaft 118 can be a part of the rotating contact
member 104. The medical device 101 can move 1n the direc-
tion of arrow 103 with respect to the coating apparatus 102.
Alternatively, the coating apparatus 102 can move in the
direction of arrow 105 with respect to the medical device 101.
In some embodiments, both the coating apparatus 102 and the
medical device 101 can move with respect to each other.

FI1G. 2A 1s a front view of a drive shaft and rotating contact
member ol a coating apparatus 1n accordance with various
embodiments herein. The rotating contact member 104 can
include spiral-shaped element 114. The rotating contact
member 104 can define a channel 220. The channel 220 can
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4

be sized to accommodate a medical device 101 (not shown) as
described 1n FIG. 1. The coating apparatus 102 can include
drive shaft 118.

In some embodiments, the rotating contact member can
include a plurality of bristles and/or a brush. FIG. 2B 1s a front
view ol a drive shait and rotating contact member of a coating
apparatus in accordance with various embodiments herein.
The rotating contact member 104 can include bristles 115.
The bristles 115 can be oriented circumiferentially around the
rotating contact member 104 with an inward bias 1n some
embodiments. In some embodiments the bristles 1135 can be
connected to drive shait 118 or a similar structure that rotates.
The rotating contact member 104 can define a channel 220.
The channel 220 can be sized to accommodate a medical
device 101 (not shown) as described 1n FIG. 1.

FIG. 3A 1s a schematic view ol a coating apparatus in
accordance with various embodiments herein. The coating
apparatus 102 includes a rotating contact member 204, a fluid
applicator 106, a fluid pump 110, and a base member 112. The
fluid applicator 106 includes an orifice 108. The coating appa-
ratus 102 can include mounting structure 116. The coating
apparatus 102 can include drive shait 118. The rotating con-
tact member 204 can include a brush 214 or similar brush-like
structure. The brush 214 can contact the surface of the medi-
cal device 101 to be coated as the rotating contact member
204 rotates around and contacts the medical device 101 to be
coated.

FIG. 3B 1s a schematic view of a coating apparatus in
accordance with various embodiments herein. The coating
apparatus 102 includes a rotating contact member 204, a fluid
applicator 106, a fluid pump 110, and a base member. The
coating apparatus 102 can include mounting structure 116.
The coating apparatus 102 can include drive shait 118. The
rotating contact member 204 can include bristles 215 or simi-
lar structure. The bristles 215 can contact the surface of the
medical device 101 to be coated as the rotating contact mem-
ber 204 rotates around and contacts the medical device 101 to
be coated.

FIG. 4 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein. The coating appa-
ratus 102 includes a motor 422, a rotating contact member
104, a flud applicator 106, a fluid pump 110, and a base
member 112. The fluid applicator 106 includes an orifice. The
coating apparatus 102 can include a mounting structure 116.
The coating apparatus 102 can include drive wheels 424. The
drive wheels 424 can contact the medical device 101 to be
coated and can serve to push or pull the medical device 101 to
be coated through the rotating contact member 104. The
motor 422 can provide motive force to rotate the rotating
contact member 104 and/or the drive wheels (or shaits) 424.
By way of example, the motor 422 can be used to turn a drive
gear 423 which can in turn drive an open center gear 425
causing the rotating contact member 104 to rotate. However,
it will be appreciated that there are many different ways of
conveying motive force from the motor 422 to the rotating
contact member 104 including pulleys, belts, other types of
gears, and the like. The motor 422 can be of many different
types. In various embodiments the motor 422 can be an elec-
tric motor. In some embodiments, a motor can be omaitted.

FIG. 5 1s a schematic view of a coating apparatus 1n accor-
dance with various embodiments herein. The coating appa-
ratus 102 includes a rotating contact member 504, a fluid
applicator 106, a fluid pump 110, and a base member 112. The
fluid applicator 106 includes an orifice. The coating apparatus
102 can include mounting structure 116. The rotating contact
member 504 can have an inner diameter just slightly larger
than the outside of the medical device 101 to be coated.
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FIG. 6 1s a schematic cross-sectional view of a rotating
contact member 1n accordance with various embodiments
herein. The rotating contact member 504 can include a hous-
ing 626. The housing 626 can define a central lumen 628. The
central lumen 628 can have a diameter suificiently large so as
to accommodate the outside diameter of the medical device
101 (not shown) to be coated. In some embodiments, the inner
surface 627 of the central lumen 628 can be substantially
smooth. In other embodiments, the inner surface of the central
lumen 628 can include surface features. In some embodi-
ments, the 1nner surface of the central lumen 628 can include
thread-like projections similar to the inner diameter of a nut.

In some embodiments, the central lumen can be substan-
tially the same over the length of the rotating contact member.
In other embodiments, different portions of the central lumen
can be different. Referring now to FIG. 7, the rotating contact
member 504 can include housing 626. The housing 626 can
define central lumen 628. In this embodiment, the diameter of

central lumen 628 is larger on one side of the rotating contact
member 504 than on the other. In some embodiments, the
central lumen 628 can have a tapered 752 or funnel-like shape
on one side.

In some embodiments, the coating material can be applied
through the fluid applicator. However, 1n other embodiments,
the coating material can be applied through other structures.
Referring now to FI1G. 8, the rotating contact member 504 can
include a housing 626. The housing can define central lumen
628. The housing 626 can include fluid port 830. The tluid
port 830 can provide fluid communication between the cen-
tral lumen 628 and the exterior surface 831 of the rotating
contact member 504. A coating composition can be supplied
to exterior portion of the fluid port 830 and can then flow to
the central lumen 628 where 1t can be applied to a device to be
coated. In some embodiments multiple fluid ports 830 can be
provided on the rotating contact member 504.

Coating apparatus 1n accordance with embodiments herein
can take on various configurations. In some embodiments, the
coating apparatus can be hand held. Referring now to FI1G. 9,
the coating apparatus 102 includes a rotating contact member
104, a fluid applicator 106, a fluid pump 110, and a base
member 112. The fluid applicator 106 includes an orifice. The
coating apparatus 102 can include mounting structure 116.
The coating apparatus 102 can include drive wheels 424, 424.
The coating apparatus 102 can include drive shait 118. The
coating apparatus 102 can include a hand grip 932. The hand
or1p 932 can include a control element such as a trigger 933 to
control operation of the apparatus.

In some embodiments, the apparatus can be mounted on a
structure and move along the lengthwise axis of a device to be
coated. Referring now to FIG. 10, the coating apparatus 102
includes a rotating contact member 104, a fluid applicator
106, a fluid pump 110, and a base member 112. The fluid
applicator 106 can include an orifice. The coating apparatus
102 can include a mounting structure 116. The coating appa-
ratus 102 can include drive wheels. The coating apparatus 102
can include drive shaft 118. The coating apparatus 102 can
also include a linear actuator 1034. The linear actuator can
provide motive force 1n order to move the coating apparatus
linearly so as to provide movement along the lengthwise axis
ol the device 101 to be coated.

FIG. 11 1s a schematic view of a coating apparatus in
accordance with various embodiments herein. In this embodi-
ment the coating apparatus 102 includes a six-axis robot arm
1136. The robot arm 1136 can be used to move the coating
apparatus 102 1n such a way that 1t follows the contours of a
medical device 1101 to be coated.
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It will be appreciated that the rotating contact member can
take on many different shapes and configurations. In some
embodiments, the rotating contact member can have a spiral
shape. For example, the rotating contact member can be a
spiral-shaped element. The spiral-shaped element can
include a flexible material. The spiral-shaped element can be
formed of various materials including polymers, metals, and
the like. In some embodiments, the spiral-shaped element 1s
formed of a shape-memory metal. The spiral of the spiral-
shaped element can include at least about two turns. In some
embodiments, the spiral-shaped element 1s arranged so that
rotation carries a coating composition along the surface of the
device to be coated 1n the same direction along the lengthwise
axis of the device as the rotating contact member moves. In
other words, the spiral-shaped element can be used to push
the coating material outward ahead of the oncoming rotating
contact member versus pull the coating material imward
toward the rotating contact member. However, in other
embodiments, the orientation of the spiral-shaped element
can be reversed so that 1t pulls the coating material in towards
the rotating contact member.

The rotating contact member can include a housing 1n
some embodiments. The housing can be made of many dif-
ferent materials including metals, polymers, composites,
ceramics, and the like. In some embodiments, the housing can
be formed of polytetratluoroethylene. The housing can define
a central lumen 1nto which the device to be coated fits. The
central lumen can have a larger diameter at one end than at the
other. The central lumen can form a funnel shape 1n some
embodiments. The funnel shape can be disposed at one end of
the housing. The housing can also define a fluid port in some

embodiments. The housing can be cylindrical in some
embodiments
The rotating contact member can rotate at a speed 1n the

range of about 50 to 400 RPM. The rotating contact member
can rotate at a speed of about 100 to 200 RPM. In some
embodiments, the rotating contact member can rotate at a
speed of greater than about 50 RPM. In some embodiments,

the rotating contact member can rotate at a speed of greater
than about 75 RPM. In some embodiments, the rotating con-
tact member can rotate at a speed ol greater than about 100
RPM. In some embodiments, the rotating contact member
can rotate at a speed of greater than about 125 RPM. In some
embodiments, the rotating contact member can rotate at a
speed of less than about 400 RPM. In some embodiments, the
rotating contact member can rotate at a speed of less than
about 350 RPM. In some embodiments, the rotating contact
member can rotate at a speed of less than about 275 RPM. In
some embodiments, the rotating contact member can rotate at
a speed of less than about 200 RPM.

The rotating contact member and/or the channel can be
s1zed to accommodate a device to be coated having a diameter
of between 0.5 mm and 20 mm. In some embodiments, the
rotating contact member and/or the channel can accommo-
date a device to be coated having a diameter greater than
about 0.5 mm. In some embodiments, the rotating contact
member and/or the channel can accommodate a device to be
coated having a diameter greater than about 1 mm. In some
embodiments, the rotating contact member and/or the chan-
nel can accommodate a device to be coated having a diameter
greater than about 3 mm. In some embodiments, the rotating
contact member and/or the channel can accommodate a
device to be coated having a diameter less than about 15 mm.
In some embodiments, the rotating contact member and/or
the channel can accommodate a device to be coated having a
diameter less than about 11 mm. In some embodiments, the
rotating contact member and/or the channel can accommo-
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date a device to be coated having a diameter less than about 8
mm. In some embodiments, the rotating contact member
and/or the channel can accommodate a device to be coated
having a diameter between about 0 mm and about 15 mm. In
some embodiments, the rotating contact member and/or the 5
channel can accommodate a device to be coated having a
diameter between about 1 mm and about 11 mm. In some
embodiments, the rotating contact member and/or the chan-
nel can accommodate a device to be coated having a diameter
between about 3 mm and about 8 mm. 10

The coating apparatus can include drive wheels 1n various
embodiments (such as that shown 1n FIG. 9. The drive wheel
can contact the device to be coated can generate force to push
or pull the device to be coated through the apparatus. In some
embodiments, the drive wheel pulls the device to be coated 15
through the rotating contact member. In some embodiments,
the drive wheel can be substantially smooth. In some embodi-
ments, the drive wheel can include a surface texture. The drive
wheel can be formed of various materials. In some embodi-
ments, the drive wheel can be formed of silicone (PMDS). 20

The apparatus can move along the lengthwise axis of the
device to be coated at various speeds through the action of the
drive wheels or another source of motive force. In some
embodiments, the apparatus can coat that device to be coated
at a speed of between 0.1 and 1.5 cm per second. 25

In some embodiments, the apparatus can coat adevice to be
coated at a speed of greater than 0.1 civ/s. In some embodi-
ments, the apparatus can coat a device to be coated at a speed
of greater than about 0.5 cm/s. In some embodiments, the
apparatus can coat a device to be coated at a speed of greater 30
than about 1.0 cm/s. In some embodiments, the apparatus can
coat a device to be coated at a speed of less than about 2 c/s.

In some embodiments, the apparatus can coat a device to be
coated ata speed of less than about 1.5 cm/s. In some embodi-
ments, the apparatus can coat a device to be coated at a speed 35
of less than about 1 cm/s. In some embodiments, the appara-
tus can coat a device to be coated at a speed of between about

0 cm/s and about 2 cmi/s. In some embodiments, the apparatus
can coat that device to be coated at a speed of between about

0.1 cm/s and about 1.5 cm/s. In some embodiments, the 40
apparatus can coat that device to be coated at a speed of
between about 0.5 cm/s and about 1 cm/s.

In some embodiments, the rotating contact member can
assume an open configuration and a closed configuration. In
some embodiments, the device to be coated can be inserted or 45
removed from the rotating contact member when 1t 1s 1n the
open configuration.

In some embodiments, the coating apparatus can include a
drive shaft. The drive shaft conveys motive force between the
motor and the rotating contact member. The drive shatft canbe 50
hollow. In some embodiments, the device to be coated can be
disposed within the rotating contact member and/or the drive
shaft such that the rotating contact member and/or the drive
shaft rotates around the device to be coated.

In an embodiment, the invention includes a method of 55
coating a medical device. The method of coating a medical
device can include rotating a contact member around the
outer diameter of a non-rotating medical device. The method
can further include applying a coating solution to the outer
diameter of the non-rotating medical device at a position 60
adjacent to the contact member. The method can further
include moving at least one of the contact member and the
non-rotating medical device with respect to one another so
that the contact member moves with respect to the lengthwise
axis of the non-rotating medical device. 65

In some embodiments, rotation of the spiral shaped contact
member causes the coating composition to move along the
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surface of the non-rotating medical device 1n the same direc-
tion along the lengthwise axis of the non-rotating medical
device as the rotating contact member moves. In some
embodiments, applying a coating solution comprises apply-
ing the coating solution onto the rotating contact member. In
other embodiments, applying a coating solution comprise
applying the coating solution directly onto the device to be
coated. In some embodiments, an operation of inserting the
non-rotating medical device into the contact member can be
performed betore the step of rotating the contact member.
Medical Devices

The coating apparatus of embodiments herein allows the
precise application of coating materials onto medical devices
with an extraordinary degree of control regarding where the
coating stops and starts along the length of the medical
device, uniformity of the coating applied and the amount of
coating applied.

Many different types of medical device can be coated with
apparatus described hereimn. By way of example, medical
devices coated in accordance with embodiments described
herein can 1include devices having a degree of curvature and/
or stifiness such that they cannot practically be spun- or
dip-coated. In a particular embodiment, the device can be one
including a curved shatt. In some embodiments, the device
can be one that lacks a central lumen.

In some embodiments, the present apparatus and coating,
methods can be used to coat catheters for transaortic valve
implants (TAVI; see SAPEIN trancatheter heart valve; avail-
able from Edwards Lifesciences Corporation, Irvine, Calif.).
TAVI devices and procedures can be used in cases where
patients have severe aortic stenosis but where those patients
are not candidates for surgery. TAVI catheters typically are
not straight and have three dimensional bends or curves. The
catheters are curved in order to assist the physician in the
accurate placement of the valve at the site of the stenosis.
There 1s a need to apply hydrophilic coatings to TAVI cath-
eters to improve lubricity upon delivery of the TAVI to the
site.

In the past, coating these non-linear, highly curved cath-
eters using traditional methods such as dip or spray coating
has resulted in coatings that are inconsistently applied or that
require mordinate amount ol waste coating material com-
pared to the coating material applied to the surface of the
medical device. Apparatus and methods of the present disclo-
sure can be used to accurately apply a coating to the surface of
TAVI devices with bends and curves, since apparatus and
methods disclosed herein are largely not dependent upon the
spatial configuration of the medical device to achieve accu-
rate surface coatings.

In yet other embodiments, the medical device to be coated
can be a balloon catheter. The balloon catheter can be coated
in the apparatus described herein 1n the collapsed state. Alter-
natively, the balloon catheter can be coated in the apparatus
described herein 1n the partially or fully expanded state. In
one embodiment, the balloon catheter can be coated with a
bioactive material such as a chemical ablative (e.g. vincris-
tine, paclitaxel) and used for renal artery denervation therapy
for hypertension.

Coating Solutions

It will be appreciated that coating solutions applied onto
balloons can include various components 1including, but not
limited to, one or more active agents, carrier agents, solvents
(aqueous and/or non-aqueous ), polymers (including degrad-
able or non-degradable polymers), monomers, macromere,
excipients, photoreactive compounds, linking agents, and the
like. The relative amounts of the components of the coating
solution will depend on various factors.
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The coating solutions can be formulated so as to provide
various functional properties to the medical device to which
they are applied. By way of example, the coating solutions
can be formulated so as to provide lubricious properties;
anti-infective properties, therapeutic properties, durability
and the like.

In other embodiments, the coating solution has relatively
low viscosity. By way of example, 1n some embodiments, the
coating solution can have viscosity of less than about, 100 30,
40, 30, 20, or 10 centipoise. In some embodiments, the coat-
ing solution can have a viscosity of between about 1 and 100
centipoise.

In some embodiments, the coating solution can have a
solids content that 1s relatively low. By way of example, 1n
some embodiments, coating solutions used in conjunction
with embodiments herein can have a solids content of less
than about 10 mg/ml. In some embodiments, coating solu-
tions used in conjunction with embodiments herein can have
a solids content of less than about 5 mg/ml. In some embodi-
ments, coating solutions used 1n conjunction with embodi-
ments herein can have a solids content of less than about 2
mg/ml.

It should be noted that, as used 1n this specification and the
appended claims, the singular forms ‘a,” “an,” and ‘the’ include
plural referents unless the content clearly dictates otherwise.
Thus, for example, reference to a composition containing ‘a
compound’ includes a mixture of two or more compounds. It
should also be noted that the term ‘or’ 1s generally employed
in its sense mcluding ‘and/or’ unless the content clearly dic-
tates otherwise.

It should also be noted that, as used 1n this specification and
the appended claims, the phrase ‘configured’ describes a sys-
tem, apparatus, or other structure that 1s constructed or con-
figured to perform a particular task or adopt a particular
configuration to. The phrase ‘configured’ can be used 1nter-
changeably with other similar phrases such as arranged and
configured, constructed and arranged, constructed, manufac-
tured and arranged, and the like.

All publications and patent applications 1n this specifica-
tion are 1indicative of the level of ordinary skill 1n the art to
which this mvention pertains. All publications and patent
applications are herein incorporated by reference to the same
extent as 11 each individual publication or patent application
was specifically and individually indicated by reference.

The invention has been described with reference to various
specific and preferred embodiments and techniques. How-
ever, 1t should be understood that many varnations and modi-
fications may be made while remaining within the spirit and
scope of the invention.

The mvention claimed 1s:

1. A coating apparatus comprising;:

a motor;

a rotating contact member 1n mechanical communication
with the motor, the rotating contact member configured
to rotate around a device to be coated that does not rotate,
the rotating contact member also configured to move
relative to the device to be coated along a lengthwise axis
of the device to be coated:

a fluid applicator comprising an orifice adjacent to the
rotating contact member;
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a fluid pump 1n fluid communication with the fluid appli-

cator; and

a base member supporting the rotating contact member and

the flmd applicator.

2. The coating apparatus of claim 1, the rotating contact
member comprising a spiral shape.

3. The coating apparatus of claim 2, the rotating contact
member comprising a spiral shaped wire.

4. The coating apparatus of claim 3, the spiral shaped wire
comprising a shape memory metal.

5. The coating apparatus of claim 3, the spiral oriented so
that rotation carries a coating composition along the surface
of the device to be coated in the same direction along the
lengthwise axis of the device to be coated as the rotating
contact member moves.

6. The coating apparatus of claim 1, the rotating contact
member comprising a channel into which a device to be
coated fits.

7. The coating apparatus of claim 1, the rotating contact
member comprising a plurality of bristles.

8. The coating apparatus of claim 1, the rotating contact
member comprising a brush.

9. The coating apparatus of claim 6, the rotating contact
member comprising a housing, the channel comprising a
central lumen defined by the housing.

10. The coating apparatus of claim 9, wherein the diameter
of the central lumen 1s larger at one end than the other.

11. The coating apparatus of claim 9, the lumen comprising
a Tunnel shape at one end of the housing.

12. The coating apparatus of claim 9, wherein the housing
1s cylindrical.

13. The coating apparatus of claim 1, wherein the rotating
member rotates at a speed of 50 to 400 rotations per minute.

14. The coating apparatus of claim 1, wherein the rotating
member rotates at a speed of 100 to 200 rotations per minute.

15. The coating apparatus of claim 6, wherein the channel
accommodates a device to be coated having a radius of
between 0.5 mm and 20 mm.

16. The coating apparatus of claim 1, further comprising a
drive wheel contacting the device to be coated, wherein the
drive wheel pulls or pushes the device to be coated through
the rotating contact member.

17. The coating apparatus of claim 16, wherein the drive
wheel pulls the device to be coated through the rotating con-
tact member at a speed of between 0.1 and 1.5 cm/s.

18. The coating apparatus of claim 1, wherein the rotating
contact member moves between an open configuration and a
closed configuration, wherein the device to be coated 1is
inserted or removed from the rotating contact member when
it 1s 1n the open configuration.

19. The coating apparatus of claim 1, further comprising a
drive shatt that conveys motive force between the motor and
the rotating contact member, wherein the drive shaft is hollow
and a portion of the device to be coated 1s disposed within the
drive shatft.

20. The coating apparatus of claim 1, the base including a
hand grip.

21. The coating apparatus of claim 1, the base mounted on
a s1x-axis robot arm.
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